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SUMMARY
Cultures of peritoneal exudate cells (PEC) of non-immune C57BL/6 mice reacted to infectious herpes simplex virus type 1 (HSV), but not to non-infectious virions by producing interferon. Similarly, when the virus preparations were injected intraperitoneally (i.p.) and interferon was determined in the wash-out fluid, interferon could only be detected after injection of infectious HSV. All interferons were mixtures of interferon-~ and -ft. The cell that produced interferon was not sensitive to anti-theta serum or anti-asialo-GM1 serum, it was retained on nylon wool columns and removed by plastic adherence. Silica treatment of PEC abolished HSV-induced interferon production whereas irradiation by 2000 R was without effect. Pure cultures of mouse T cells did not produce interferon when treated with infectious HSV whereas pure cultures of mouse bone marrow macrophages did produce interferon. Thus, we suggest that in PEC the cells which produced interferon were of the macrophage lineage. In further experiments we have analysed in vivo activation of natural killer (NK) cells in the peritoneal cavity of mice. Non-infectious virions were as effective as infectious HSV and doses of HSV too low to.induce measurable titres of interferon caused a marked activation of NK cells.
Resistance of mice to herpes simplex virus type 1 (HSV-1) is genetically controlled (Lopez, 1975) . We have recently reported that the primary endogenous interferon response of mice may be relevant with regard to resistance and that this interferon response is also genetically controlled . Furthermore, Lopez et al. (1980) have reported that resistance of mice to HSV is mediated by bone marrow-dependent defence mechanisms, and we have observed that T cells appear not to play a major role in primary resistance against HSV (Zawatzky et al., 1979) . Our in vitro studies have also documented that the producer cell of interferon was a non-T cell, when spleen cells were challenged with inactivated HSV . We have now performed a study in which we demonstrate that the macrophage is the interferon-producing cell in cultures of peritoneal exudate cells (PEC) when challenged with infectious HSV. Non-infectious HSV was incapable of eliciting interferon production in PEC, or in vivo in the peritoneal cavity of mice. However, natural killer (NK) cells were activated equally well by infectious or non-infectious HSV.
The strain HSV-1 (WAL) was used, prepared in RITA cells (of monkey kidney origin) exactly as described by Zawatzky et al. (1982) . We will refer to this virus as HSV. Virus stocks were inactivated by exposure to u.v. light at 80 ergs/mm2/min at 4 °C. Heat-inactivated virus was obtained following incubation at 56 °C for 30 min. Antisera against HSV were raised in white New Zealand rabbits of 4 to 5 months of age following standard protocols. Sera were inactivated by heating at 56 °C for 1 h. The titre of the serum used in the experiments of this paper was 1 : 1600 as determined by neutralization test.
In all experiments male C57BL/6J BOM mice (Bomholtgard, Ry, Denmark), non-immune to HSV, were used at the age of 8 to 12 weeks. Different virus preparations were injected intraperitoneally (i.p.) and at various times mice were killed. At this time, 0.5 ml balanced salt solution was injected and, after gentle massage of the abdomen, the peritoneal cavity was opened and a small amount of fluid was removed by using a Pasteur pipette. The fluid was stored at -70 °C until testing for interferon was performed.
0022-1317/83/0000-5321 $02.00 © 1983 SGM For in vitro induction various cell populations were used. These included PEC which were prepared as described by Beck et al. (1980) . Treatments of PEC by anti-theta serum plus complement, by nylon columns, by silica or by X-irradiation were performed as previously described for spleen cells . In order to remove NK cells, PEC were treated with anti-asialo-GM1 which was a kind gift of Dr K. Okumura (Department of Immunology, Faculty of Medicine, University of Tokyo, Japan) and was used according to the protocol of Kasai et al. (1980) . Positive controls indicated that the antisera in our laboratory were indeed abolishing NK cell activity in spleen cells and PEC of C57BL/6 mice.
Short-term cultures of T lymphocytes were performed as described by Marcucci et al. (1982) . Bone marrow macrophages were obtained according to the technique developed by Klimetzek & Remold (1980) as modified by Storch & Kircbner (1982) . In the in vitro culture systems of T lymphocytes and bone marrow macrophages concanavalin A (Con A) at a dose of 10 ~g/ml and 10-carboxymethyl-9-acridanone (CMA)at a dose of 500 ~tg/ml (a kind gift of Dr M. J. Kramer, Hoffmann-La Roche) were included as positive controls respectively.
The different cell populations referred to above were adjusted to 1 x 10 6 to 3 X 106 cells/ml and taken up in medium RPMI 1640 supplemented with glutamine and 2.5~ foetal bovine serum. Aliquots of 0-2 ml were seeded per well of 96-well plates (Falcon 3040F, Microtest II). The virus was added at the beginning of the experiments and usually after 4 h the plates were frozen and stored at -70 °C. Before testing they were thawed and centrifuged and the supernatants were recovered. A one-step assay using vesicular stomatitis virus (VSV) and mouse L cells was used which has been described previously (Engler et al., 1981) . All interferons that were measured in this study were stable at pH 2 and were completely neutralized by an antiserum against mouse interferon-a/fl which had a neutralizing titre of 1:25 000 against 10 IU of antiviral activity (a kind gift of E. DeMaeyer~ Institut Curie, Orsay, France).
For testing of NK cell activity, different doses of virus were injected i.p. and after 24 h the PEC were washed out. They were tested by using mycoplasma-free YAC-1 cells as targets in a 4 h S~Cr-release assay as described by Engler et al. (1981) .
PEC of C57BL/6 mice responded to infectious HSV, but not to inactivated preparations of HSV by producing interferon. Maximal levels of interferon in PEC cultures were observed as early as 3 to 4 h (data not shown). In all subsequent experiments we have determined interferon production in PEC cultures at 4 h after addition of HSV. This proved to be important when cells obtained after depletion techniques were used, since it appears from preliminary experiments that non-phagocytic, non-adherent macrophage precursors in PEC cultures develop into mature macrophages upon prolonged incubation. The interferon produced by PEC was interferon-a/fl since it was acid-stable and neutralized by an antiserum against interferon<t/fl and not by an antiserum against interferon-y. When anti-HSV antisera were added simultaneously with the virus to the PEC cultures no interferon was produced (data not shown).
After i.p. injection of HSV, interferon was only detected in the peritoneal wash-out fluid after injection of infectious virus, but not after injection of inactivated preparations. The interferon produced was interferon-a/fl by the criteria mentioned above. Interferon production in vivo was abolished when anti-HSV was injected i.p. simultaneously with HSV.
The cell that produces interferon in PEC in response to infectious HSV was not sensitive to treatment with anti-theta antibody plus complement nor to 2000 R of X-irradiation (Table 1) . It was, however, removed by passage through nylon columns or by plastic adherence. Interferon production was abolished when PEC were treated with silica. Collectively, these data strongly suggest that the producer cells of interferon in PEC cultures upon addition of HSV were macrophages. Treatment with anti-asialo-GM1 was ineffective in lysing the cells producing interferon in response to HSV.
Cultures of pure T cells and of pure macrophages were prepared as reported previously (Marcucci et al., 1982; Storch & Kirchner, 1982) . Positive controls in these experiments included Con A for T cells and CMA for macrophages, both of which induced high titres of interferon in their respective culture system. T cells did not produce interferon, whereas macrophages produced high titres of interferon upon addition of infectious HSV ( Table 2 ). The latter, however, did not respond when inactivated HSV was used as an inducer. * Cells were grown as described by Marcucci et al. (1982) and Storch & Kirchner (1982) . * The concentration of the inactivated preparations was 106 p.f.u, before inactivation. t Determined at 4 h after injection.
:~ Measured at 24 h after injection; the effector/target cell ratio was 10:1.
As reported previously, injection of HSV leads to activation of NK cells in the PEC population (Engler et al., 1981) . We have found that injection of doses of HSV, too low to induce measurable levels of interferon in the peritoneal wash-out fluid, were fully capable of activation of NK cells and also that non-infectious HSV which did not induce measurable titres of interferon in vivo (see above) was fully capable of NK cell activation (Table 3 ).
The data show that cultures of PEC respond to infectious HSV by producing measurable titres of interferon-~/fl whereas they do not respond to inactivated virions. One possible explanation for this result is that the methods of inactivation destroy the virus structures necessary for interferon induction. However, this conclusion is unlikely because of our previous finding that inactivated preparations of HSV are capable of eliciting an interferon response in spleen cell cultures . Thus, it appears that in the PEC population the cell subtype is missing which is able to produce interferon on recognition of non-infectious virus. Nonetheless, a different cell type responds to infectious virus. For the latter interferon response, virus-coded functions appear to be required or, alternatively, the structures responsible for interferon Short communications production are labile and destroyed by u.v. light or heat. Certainly, anti-HSV serum also abolishes HSV-induced interferon production.
In the present paper, we have found that irradiation by 2000 R or treatment of PEC with antitheta sera did not affect HSV-induced interferon production, whereas the producer cell of interferon was removed by plastic adherence or nylon wool column passage. Furthermore, silica treatment inactivated the producer cell of interferon. Collectively, these depletion data strongly suggest that the producer cell of interferon in PEC cultures upon addition of infectious HSV is the macrophage. That pure macrophages are able to produce interferon when challenged with Newcastle disease virus has been shown previously (Havell & Spitalny, 1980) .
We have also utilized populations of T cells and macrophages to determine which cell types were reacting to infectious and inactivated HSV by interferon production. The data have confirmed our conclusions that interferon production was not a T cell function, since pure T cell populations that produced high titres of interferon in response to Con A were unresponsive when challenged with HSV. Furthermore, cultures of pure macrophages derived from bone marrow produced interferon when challenged with infectious HSV but not when treated with inactivated virus preparations. Since a high percentage of the cell population in cultures of peritoneal exudate cells are macrophages we infer that in the cultures of PEC also macrophages are the producer cells of interferon.
Thus, our data seem to suggest that in PEC stimulated with infectious HSV a different cell type is producing interferon than in spleen cells when stimulated with non-infectious HSV. We have no doubt that the producer cells in the peritoneal exudate are macrophages, whereas the producer ceils in the spleen may be B cells . The latter evidence, however, is not entirely convincing since the data were based on depletion techniques only.
Yet another concern of our studies was to explore the relationship between interferon production and the activation of NK cells. We have previously established that interferon is produced in the peritoneal cavity of mice after injection of HSV and that NK cells are activated (Engler et al., 1981) . Perhaps, activation of NK cells is exclusively a consequence of the interferon induced in the peritoneal cavity. However, we have found that injection of low doses of infectious HSV or of any dosage of inactivated HSV does not induce measurable titres of interferon but, nevertheless, strongly activates NK cells. One possible explanation for this dissociation is that for activation of NK ceils minimal titres of interferon are required and these escaped our attention because they are locally produced and utilized and not detectable in the wash-out fluid. Alternatively, there are additional mechanisms by which viruses activate NK cells.
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